Background: The purpose of this study is to evaluate effects of Teucrium polium (TP) leaf extracts on adenosine monophosphate activated protein kinase (AMPK) level in isolated pancreases. Materials and Methods: In this experimental study, two groups of rats were used as a control group, and diabetic group. In the end of experimental period the animals were sacrificed then pancreas was removed, then isolated rat pancreas was cultured in buffer with or without TP leaf extracts. Measuring the sample glucose level was carried out by spectrophotometric method (Jenway, Model 6505, UK, Pars Azmmon Co., Tehran, IRAN). Insulin level was assayed by an enzyme immunoassay ELISA kit specific for rats made by Mercodia Rat insulin ELISA (10-1250-01, Mercodia AB, Uppsala, Sweden). The adenosine monophosphate activated protein kinase level was determined by ELISA assay method using a rat phosphorylated AMPK ELISA kit (CSB-E11337r, Cusabio Biotech Co., LTD).
Introduction
A number of studies demonstrated that Teucrium polium (TP) have long been recognized in folk medicine in the treatment of diabetes (1) . In addition, there are some reports in the literature showing that one of the traditional hypoglycemic herbs is TP (2) . In this regard, several researches have shown that this plant has hypoglycemic activities (3) (4) (5) . However, the molecular mechanism leading to the hypoglycemic effects of TP are still unknown (5) . Earlier studies have indicated that the administration of TP boiling extract had an anti-diabetic effect on diabetic rats (6) . Previous studies represents that AMP-activated protein kinas plays an important role in the regulation of cellular energy homeostasis (7) (8) (9) . Several experimental studies have suggested that AMPK master metabolic regulator of the eukaryotic cell (10) . As reported by many investigators AMPK is an enzyme that activated by stress signals (11, 12) , and also by an elevation in the AMP/ATP and NAD: NADH ratio (13, 14) . Evidence from many studies showed that in low energy status, AMPK act by stimulating energy producing pathways. These seem to be mainly due to the marked increase in glucose uptake, and an inhibition of glycogen (15) . It is now clear that AMPK has been shown to be an important mediator of glucose uptake (16) . On the other side, a vast majority of the studies show that AMPK stimulates glucose uptake (17, 18) . Many studies showed that inhibition of AMPK plays a role in the acute stimulation of insulin secretion by glucose (19) . According to the recent work it is widely known that AMPK is an enzyme that is potential benefits in (20, 21) . The objective of this practical work was to study the possible effects of TP leaf extract on AMPK level and insulin content in isolated pancreases.
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Materials and Methods
Teucrium polium leaf TP leaves were collected from the suburbs of Babol city, Iran and the plant was identified by the center for Agricultural Research and Natural Resources of Mazandaran Province, Iran. The leaves were separated and dried at room temperature while keeping away from direct sunlight and then was grounded into powder as previously described (22). 
The aqueous and alcoholic extract of TP Leaf
In order to prepare the aqueous concentrate, 100 g of dry TP leaves dried at room temperature and were infused in two litres of ionized water and were boiled (Behdad-water bath, 80 ºC) for 30 minutes with an occasional stirring as described before (22) . Then the resulted powder was filtered and, non soluble parts were separated by a mesh. Prepared solution passed two times through Whatman paper No. 2, and aqueous was evaporated on a rotator evaporator ( K1Karwerke, GMBH S Co .KG, Germany, TYP: RVo6-ML, 010388949) at 75 °C to reduce the solution volume to one-fifth of initial value. For the preparation of alcoholic solution, 100 g of dry powder was dissolved in one litre of 96% ethanol and mixed by a shaker (Labtron -Ls-100) for 24 hours in room temperature. Again the non soluble parts were separated using mesh and the solution was passed two times through Whatman paper No. 2. The macerate was filtered, and ethanol was evaporated on a rotator evaporator at 60 °C under the vacuum to reduce the solution volume to one-fifth of initial value. Both aqueous and ethanol solutions were kept four days under hood to let the solvents evaporate. Finally, the extract was stored at -20 ºC until its use.
Isolation of TP leaf fractions
One part of TP aerial parts extracts was transferred in a column. Ethanol/water [30-70% (v/v)] elution mediums were used as described previously (22) . Each fraction was then characterized. Fifth fraction was used in all experiments.
Animals
Rats weighting between 210-240 g were selected.
Rats were prepared from the animal center of Babol University, Babol, Iran. The rats were divided into two groups; control group and diabetic group. All protocols involving animals were approved by Babol University Animal Care and Use Committee. All experimental manipulations were carried out with the animal under ether inhalation anesthesia. The approval of the Ethics Committee of Babol University was also obtained (# 3546, and 1815).
Diabetic Status
Diabetes status was induced by a single i.p. injection of STZ (50 mg/kg body weight) to overnight fasted rats. In addition, normal saline was injected to rats in the control groups. Rats with fasting glycemia more than 250 mg/dl were used as diabetic. 
Preparation of pancreatic homogenat
In the end of each experimental period, rats in two groups were killed and their pancreases were 
Statistical analysis
All data have are expressed as mean ± SD. Statistical analysis was done using SPSS version 18.0.The significance of differences between the mean values was determined by an unpaired two-tailed Student's t-test. A p value less than 0.05 was considered statistically significant. It is interesting that we observed that 500 µg/L of the TP leaf extract powder/mL caused a significant (P<0.05) increase in insulin release during incubation .also, 500 µg of the TP leaf extract powder/mL caused a significant (P<0.05) increase in AMPK level during incubation.
We incubated pancreatic tissue with 500 µg/ L TP leaf extract in the presence of 2.8 and /or 16.7 mmol/ L glucose. Addition of TP leaf extract increased insulin secretion by 0.71 ± 0.1 vs 0.17 ±0.05 (p < 0.05) at 2.8 mmol/L glucose concentration and 0.81 ± 0.11 vs. 0.18 ± 0.08 (p<0.05) at 16.7 mmol/L glucose concentration, respectively (Fig 1, 2) . When rat pancreatic were challenged with 2.8 mmol/L glucose in the presence of TP leaf extract, AMPK was stimulated 32.17 ±3.53 vs. 17.65 ± 3.21 (p < 0.05), and 30.14 ± 3.14 vs. 17.83 ± 2.16 (p < 0.05) at 16.7 mmol/L glucose concentration, respectively. As it is evident from our findings TP leaf extract can cause a little increasing in insulin secretion. The results of present studies indicate that TP leaf extract was found to increase AMPK level in normal and in the animals made hyperglycemic with STZ. The effects of TP aerial parts extracts in STZ induced diabetic rats are shown in the (Fig 3, 4) .
Discussion
Our study provided the direct evidence that T. polium leaf extracts regulated AMPK level in pancreatic tissue. It should be noted that AMPK is a signal of glucose content, which regulates fuel process (7). Furthermore, AMPK interaction has been considered as an important site of intervention metabolites in diabetes (8, 15 ). Since alterations in AMPK level can Modulate energy balance (11); it is possible that this effect has also an important role in glucose metabolism. In pancreas incubated with TP leaf extracts, we observed also an increase in insulin content. This observation is in agreement with the results obtained by other investigators (3, 4) . In pancreas incubated with TP leaf extracts AMPK activity is increased by elevations in glucose concentration indicating that AMPK could play a role in insulin release acting as a fuel sensor. This observation is in agreement with the results obtained by other investigations (15, (18) (19) . These results suggest that stimulation of AMPK level could play a role in insulin release. The biochemical relevance of these findings is unclear. As previously mentioned, AMPK has been involved in control of glucose metabolism. The exact mechanism of the pancreatic changes due to TP leaf extracts in vitro models is not clear but there are some possible mechanisms of these alterations in the pancreatic cells. Our results indicated that increased insulin level by TP leaf extracts might be due to regeneration in the β cells. These changes also may be influenced by components in the extract of TP leaf extracts. However, there are other extra pancreatic mechanisms such as enhanced glucose transport into the cells, inhibition of the endogenous glucose production and change the glucose metabolism. In conclusion
Conclusion
In the present study, higher levels of AMPK were seen in T. polium leaf extracts treated samples as compared with control samples. These results suggest that AMPK can be targeted for the treatment of diabetic. Our results showed that it may be possible to develop therapies for diabetes by increasing AMPK levels with plant materials extracts. It is possible that this result may elucidate the mechanism by which TP inhibits glucose accumulation. This is an important issue for future research.
